objective Congenital talipes equinovarus (CTEV), or clubfoot, is a structural malformation that develops early in gestation. Birth prevalence of clubfoot is reported to vary both between and within low-and middle-income countries (LMICs), and this information is needed to plan treatment services. This systematic review aimed to understand the birth prevalence of clubfoot in LMIC settings.
Introduction
Congenital anomalies, also known as birth defects, are one of the leading causes of disability in children [1] . Clubfoot, or congenital talipes equinovarus (CTEV), is one of the most common congenital deformities that cause mobility impairment [2] . The structure and position of the foot are affected, and untreated clubfoot results in pain and reduced mobility, which potentially leads to participation restrictions and activity limitation [3] .
Clubfoot forms in the early weeks of gestational development, and this may be part of specific syndromes or secondary to neurologic or systemic disease.
However, the majority of cases occur in isolation and are termed 'idiopathic' [4] , the cause of which is not fully understood [5] . Genetic factors have been implied [6, 7] , while environmental factors, for example seasonal variation and intrauterine immobility, have been reported in some studies [5, 8] . Associations with ethnicity are not clear. Other risk factors that have been reported are male gender [9] [10] [11] , maternal smoking [10] [11] [12] [13] [14] [15] and maternal diabetes [10, 13] . However, the underlying pathogenesis for these factors remains a matter of scientific debate. A multifactorial aetiologic model that involves both environmental and genetic factors is likely [8] .
Epidemiological studies consistently report higher birth prevalence [16] of idiopathic clubfoot in males and in firstborn children [17] . The condition is bilateral in half of the cases [18] . Typically, a small set of statistics are routinely cited for birth prevalence of clubfoot with reports of 0.39 per 1000 births in Chinese populations, 1.1 per 1000 in Caucasian and 6.8 per 1000 in Polynesian populations [19] . Overall, it is estimated that 80% of children born with clubfoot each year live in low-and middle-income countries (LMICs) [18] .
Accurate collection of data on population birth rate and prevalence of birth defects is essential to plan, • 16 retrospective data review design and unclear that all children were screened for clubfoot
• 2 full texts included duplicate data published • 6 definitions did not allow CTEV birth prevalence calculation Consequently, to capture all relevant studies, a search was carried out using both birth defects and clubfoot terms, with LMIC keywords. Boolean, truncation and proximity operators were used to construct and combine searches for the key concepts as required for individual databases, and an example is available as Appendix S2. The articles returned by the literature search were screened by one reviewer (TS) first by title and then by abstract. 10% of the abstracts were reviewed by a second reviewer (HK) to check for agreement. The full text was obtained for any paper that was included at abstract screening.
Studies of all languages were included and translated as required. The reference list of all included studies was examined for further relevant studies. All full texts were reviewed independently by two reviewers (TS and either AF, CL or HK), and differences were agreed by discussion. The search strategy is presented in Figure 1 .
Overall (I 2 = 0.00%, P = .)
Mkandawire [47] Delport [45] Venter [46] Lesi [43] Study Mathias [48] Orimolade [49] Simpkiss [42] Pompe van Meerdervoort [44] 
Study selection
Congenital talipes equinovarus (CTEV) was defined as a rigid deformity where the foot is fixed in a plantarflexed, supinated and adducted position. Studies were eligible if they met the following criteria: (1) original research that included CTEV; (2) results reported, or allowed calculation of, birth prevalence of clubfoot; (3) all children were screened for clubfoot; and (4) undertaken in a LMIC as defined by the World Bank country classification 2015. Exclusion criteria comprised the following: (1) full text unavailable, (2) unclear that all children were screened for clubfoot (e.g. large reviews of medical records), (3) unclear source population that prevented clear definition of the population denominator or (4) duplicate reports from the same study.
Data extraction and analysis
Data were extracted from articles that met inclusion criteria according to The Centre for Reviews and Dissemination guidelines [21] . The following data were extracted:
• General study information, including title, author and year of publication All extracted values were examined by the second reviewer to ensure accuracy. Differences between the reviewers were discussed, and a consensus was reached on all papers. One author was contacted for further information.
Data reporting per 1000 births were assumed to be live births unless it was stated that stillbirths were included. Birth prevalence rates were calculated per 1000 live births with 95% confidence intervals (Wilson score intervals), on the basis of the binomial distribution using Stata 14.0 (StataCorp LP, College Station, Texas), from the reported study population and the number of babies identified with clubfoot. It was decided a priori that the populations of China and India would be analysed independently of their WHO region due to their large population size. Tests for heterogeneity were performed. Weighted summary measures were estimated for the six WHO regions, India and China with a random-effects model [22] in the meta-analysis. The relative weight that each study contributed was defined by the sample size of the study. The overall effect estimate is therefore a weighted combination of the studies that contribute to it. Summary measures were graphed with forest plots.
Overall (I 2 = 0.00%, P = .) Lopez-Camelo [37] Pachajoa [40] Guardiola [39] Monteleone-Neto and Castilla [30] Overall (I 2 = 0.00%, P = .)
Taksande [57] Agarwal [55] Agrawal [60] Bahadur [52] Baruah [62] Singh [56] Study Kalra [51] Sachdeva [61] Choudhury [54] Pujari [59] Chaturvedi [53] Figure 6 Birth prevalence of CTEV per 1000 births (Europe region). CTEV, congenital talipes equinovarus.
Overall (I 2 = 0.00%, P = .) Al-Ani [68] El Koumi [70] Bittar [66] Study Ali [67] Delshad [24] Khrouf [65] Golalipour [69] Karbasi [23] Akhtar [64] Overall (I 2 = 0.00%, P = .)
Yang [35] Wang [33] Study Wei Hong [34] Yi [32] Xia [36] Li [41] Emanuel [25] Yi [38] Li [31] As the time frame for the included studies is wide, an analysis was undertaken to identify whether the birth prevalence of clubfoot was different in the oldest estimates. A two-sample Wilcoxon rank-sum (Mann-Whitney) test was used to compare the birth prevalence in the time periods 1960-1985 and 1986-2015 , consisting of 25 and 30 years, respectively.
Cases born per million total population per year were estimated according to regional clubfoot birth prevalence and crude birth rate per 1000 people. The Global Health Observatory data repository provided estimates of crude birth rate.
Results
A total of 1835 studies were retrieved for assessment ( Figure 1 ). Of these, 72 studies reported on birth prevalence of clubfoot and provided data from 25 countries (Appendix S3). Twenty-four full texts were excluded, of which 16 papers were retrospective data collection and analysis and it was unclear whether all children were screened (Appendix S4 contains details on the studies excluded). Therefore, 48 studies were selected for inclusion and provided data from 13 962 989 children in 20 countries. Table 1 summarises the characteristics of the studies eligible for inclusion. All the studies drew cases from a hospital setting. Eight of 37 studies (21.6%) that used a prospective design with physical examination were undertaken in more than one hospital [23] [24] [25] [26] [27] [28] [29] [30] . Nine studies used a large database review in settings where there was systematic screening for clubfoot [31] [32] [33] [34] [35] [36] [37] [38] [39] , one study analysed data from a single hospital defects monitoring system [40] and one study used a cluster sample survey [41] . Thirteen papers (27%) were from the South-East Asia region, with 11 papers in the region published from India. The West Pacific region consisted primarily of research undertaken in China and used large database reviews. Turkey was the only LMIC represented in Europe.
The pooled estimates for clubfoot birth prevalence for Africa (1.11 Analysis of the birth prevalence of clubfoot reported in two date ranges (1960-1985 and 1986-2015) demonstrated no evidence of a difference over time (P = 0.56).
A meta-analysis by region was undertaken (Figures 2-9 ). The individual study results are displayed in the first column, identified under 'Study'. The summary birth prevalence is displayed in the final row with the test for heterogeneity denoted as I 2 (if I 2 ≤ 25%, studies are regarded as homogeneous). The second column visually displays the study results. The third column is the summary estimate of the birth prevalence of clubfoot, denoted by ES (95% CI) or effect size. This column gives the corresponding numerical results. The vertical line is the pooled estimate of birth prevalence, and the x-axis is the value of clubfoot cases per 1000 live births. The size of the box is directly related to the 'weighting' of the study in the meta-analysis, and the weight in % in the final column indicates the influence of the study on the overall results. The horizontal lines through the boxes depict the length of the confidence intervals. The diamond in the last row of the graph illustrates the overall result of the meta-analysis. The middle of the diamond sits on the value of the summary birth prevalence, and the width of the diamond depicts the width of the overall CI.
Based on the evidence since 1960, figures to plan for clubfoot management can be calculated for the eight populations given the birth rate per million population (Table 2 ). Population numbers are based on WHO region population birth rates. For planning purposes, regional estimates of birth prevalence should be applied to country specific birth rates. The case numbers and denominator population size differ in the individual studies included in the meta-analyses. The birth prevalence of clubfoot in China is strongly influenced by two large outlier studies [32, 36] that decrease the pooled estimate. Both studies were database reviews of data from hospitals that monitored birth defects through physical examination, and the data were collated on a congenital anomaly registration form. The authors note it is possible that cases were missed. Alternatively, the data may represent a unique feature of inheritance in the idiopathic clubfoot population of China. Only two papers contribute to the estimates of Turkey and the South-East Asia region with combined screened populations of 31 854 and 20 637 children, respectively.
Results compared to other studies
Many LMICs lack rigorous congenital anomaly surveillance programmes [72] , which makes calculation of birth prevalence difficult. Current estimates range from 4 to 12 cases per 1000 births [73] in LMIC settings. These are likely underestimated due to stigma and exclusion [74] and are also reliant on case definition and robust screening methods. This analysis suggests some variation in the birth prevalence of clubfoot as previously indicated [75] ; however, the range is not as large as reported by others [19] . Except for China, there were similar estimates across the regions.
Current data heterogeneity suggests the resulting variation in clubfoot birth prevalence in LMICs is likely influenced by study design and data collection methods and possibly by region and therefore ethnicity as well. Case definition, the case mix between tertiary and secondary facilities and the training of observers may affect prospective reporting of clubfoot. The true birth prevalence will be affected by risk factors, genetic and/or environmental, most of which are unknown.
Strengths and limitations
A strength of this study is the relatively large population denominator in several regions. It includes all categories of structural clubfoot (e.g. idiopathic or syndromic) as treatment is required in all cases although outcomes may differ. Data were excluded from clinics where it was not clear from the report how many babies were examined and did not have clubfoot, as birth prevalence cannot be calculated without a denominator. This has resulted in the exclusion of some studies [76, 77] that are regularly cited. This review is limited by the quality and representation of the available data from LMICs.
Implications
The estimated birth prevalence of clubfoot will be useful for the planning of services and to better estimate areas of need for country programmes. For instance, one equipped clinic in each district of 1 million people will be sufficient to handle clubfoot treatment if the new case load is up to 43 cases of clubfoot each year, as estimated by this review. Screening at birth for clubfoot is important, so that cases can be detected and treated early, when treatment is most effective. Scaling up appropriate services for screening and treatment remains a priority. Future studies should ensure that a clear case definition and robust screening methods are undertaken to allow comparison of epidemiological data.
Conclusions
Clubfoot is relatively common and should be detected at birth. There is no evidence for a large variation in birth prevalence between regions or of the folklore about a high Polynesian birth prevalence. Comparison of prevalence figures for congenital malformations reported from different parts of the world requires clear case definition and comparable methods of data collection. The published data over the last 55 years for clubfoot in LMIC suggest a birth prevalence in the range of 0.5 to 2.0 cases/1000 live births, which results in an estimated 7-43 cases of clubfoot/year/million population, dependent mainly on birth rate. The regional figures, for example in sub-Saharan Africa of approximately 43 cases/year/million population, provide useful information on planning treatment services for clubfoot in LMIC. A standardised approach to the study of the epidemiology of clubfoot is required to better understand the variations of the birth prevalence of clubfoot and possible risk factors.
